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Non-Technical Summary
We investigate the effect of profit sharing on product and process innovation. The general aim of companies introducing profit sharing in their remuneration policy is to stimulate staff performance. As profit maximization becomes a win-win strategy to both the employees and the firm owners, their mutual interests become aligned. If the incentive system works in an efficient way and if employees behave rationally, they will increase their efforts, which should subsequently raise the company's performance.
While many studies consider the effects of profit sharing on firm performance in general (productivity, profitability), not much is known about the effects on innovation. In this paper, we introduce measures of technological progress in an attempt to unravel how profit sharing may interact with firm performance through the realisation of both product and process innovations. We employ the IAB establishment panel, an extensive dataset on German establishments over the time periods 2005 to 2009. In order to eliminate possible selectivity effects, we apply static matching and conditional difference-in-differences methods.
Based on the matching results, profit sharing companies outperform non-profit sharing companies on both process and product innovativeness. However, according to the results of the conditional difference-in-differences method only product innovation is enhanced by the introduction of profit sharing. Hence firms introducing profit sharing are already more innovative with respect to both product and process innovations before they launch the variable incentive method of profit sharing. But profit sharing additionally has a positive effect on product innovations.
I. Introduction
Knowledge has become a fundamental economic asset (see e.g. Romer [1990] ) and determines companies' competitive strength (Schumpeter [1942] ). On the one hand, knowledge creation is a time and money consuming process, with an uncertain outcome (Dasgupta and Maskin [1987] ). Optimal staff motivation is to the benefit of expected success.
On the other hand, knowledge spreads relatively quickly into the public domain once it has been created, allowing other companies to take advantage of the originating company's investments. Mansfield [1985] showed that a significant share of knowledge leaks out through employees. Therefore, in knowledge creating companies, it is vital to attract valuable employees and curtail the staff turnover and additionally, to motivate this highly qualified workforce. One important aspect is employee remuneration. A vast body of research is devoted to investigating optimal remuneration systems and it appears that monetary as well as non-pecuniary incentives matter (see e.g. Coombs and Gomez-Mejia [1991] ), jointly optimized in a stimulating work environment with an attractive remuneration system. In this paper, we zoom in on one specific remuneration system, namely profit 1 sharing: employees share in the profit of a company, through the receipt of financial rewards, depending on the company's performance. Often, this financial incentive is disbursed as a supplement to the fixed base wage (see Kraft and Ugarković [2007] , Bhargava and Jenkinson [1995] as well as Wadhwani and Wall [1990] ).
The direct aim of companies introducing profit sharing in their remuneration policy is to stimulate staff performance. As profit maximization becomes a win-win strategy to all parties involved, i.e. both the employees and the firm owners, their mutual interests become aligned.
If the incentive system works in an efficient way and if employees behave rationally, they increase their efforts, which should subsequently raise the company's performance (see Kraft and Ugarkovic 2006) . Since a considerable time, profit sharing has been the subject of many empirical studies (see e.g. Pérotin and Robinson [2002] as well as Strotmann [2002] for elaborate surveys of this literature stream). The direct link between profit sharing and output explains why traditionally productivity has by far been the most often investigated issue in this research domain. Less frequently investigated topics are the effects on profitability and wages. The latter variable is investigated as Weitzman [1983] suggested using profit sharing as an alternative, instead of a supplement to the going wage rate.
Scholars typically find positive to neutral impacts of profit sharing on a firm's output.
However, productivity measures only show part of the picture, as they merely reflect the final impact, without illuminating possible reasons explaining this productivity increase. An efficient incentive system is expected to affect workers' performance, but may additionally strengthen a company's innovative capabilities, as theoretical arguments predict that potential resistance against innovative activity can be offset and what is even more, employees may actively cultivate the company's innovative capabilities.
In this paper, we introduce measures of technological progress in an attempt to unravel how the introduction of profit sharing may interact with firm performance through the realisation of both product and process innovations. This area has remained by and large unexplored until now. We employ an extensive dataset on German firms. In order to eliminate possible selectivity effects, we apply conditional difference-in-differences methods. In the second section, we briefly summarise the history of research on profit sharing and advance some theoretical considerations. The third section entails the strategy we follow in the empirical part, which is subsequently presented in two sections, covering the data description and the estimation results. The last section concludes with a summary of our findings, some limitations of our research set-up and lines for further research.
Literature summary and theoretical arguments
The literature on profit sharing can be categorized into two substreams. The first substream, which is especially supported by the European Community (see the so-called Pepper reports: Commission of the European Communities [1991, 1996] and Lowitzsch [2006] ), tries to provide a framework for international comparisons and to quantify the prevalence of profit sharing in Europe and the US. However, definition problems and internationally different legislation schemes seriously complicate these studies and imply strong limitations with respect to their comparability.
The second substrea*m of literature investigates the potential impact of profit sharing on various company characteristics. As mentioned before, the traditionally most investigated variable in this domain is productivity. The interested reader is referred to FitzRoy and Kraft [1987] as one of the first studies, Doucouliagos [1995] for a meta-analysis and to Pérotin and Robinson [2002] as well as Strotmann [2002] for elaborate surveys of the extensive literature.
Overall, the conclusions tend to confirm small but positive productivity increases as a result of profit sharing. Other variables which are studied in relationship with the existence of profit sharing are wages and labour demand (see Pérotin and Robinson [2002] ), as well as profitability (Kraft and Ugarković [2006] ). An important issue, which is nevertheless often ignored, is the fact that different selection mechanisms may play a part when studying profit sharing and its impact. This may seriously distort evaluation exercises and undermines the validity of the results. In the methodological section, we will extensively come back to this issue of selectivity.
To the best of our knowledge, no studies exist on the impact of profit sharing on the innovative performance of companies. However, in the subsequent paragraphs we will advance theoretical arguments and predict a potential positive impact of this specific remuneration system on the company's innovation process.
Although a high-quality workforce is expected to produce highly valuable R&D and innovative output, there are two main motives why employees may hamper innovative activity. First, employees are expected to dislike technological change if its introduction implies re-training, alternative work organizations and adaption costs, in addition to potential dismissals. Training will most likely be firm-specific and thus the risk for the workers increases, which may therefore excite opposition against innovative activities within the company. Schaefer [1998] found that these frictions do not necessarily obstruct innovative activity, but nevertheless may seriously slow down or change the innovation process. Zwick [2002] proves that internal resistance against innovation is more likely if it is uncertain whether the employees benefit from the investment. Our second argument as to why employees may negatively affect a company's technological progress and innovative capabilities works more directly. New technologies may enable companies to substitute labour by capital. This in turn may lower the demand for labour and therefore reduce employment and/or wages. As a result, employees may exhibit a substantial scepticism or even negative attitude towards technological progress. In that case, any attempt to modernize the company's technological equipment or to conduct process innovations will be distrusted or even opposed.
Profit sharing can provide an effective remedy to counter or even upturn these frictions and the potential negative pressure of human capital on R&D. First, the premium offered through profit sharing can be regarded as a compensation for the training and subsequent risk.
Therefore, profit sharing may moderate employee opposition against technological advancement. Second, profit sharing may even stimulate the employees' incentives to actively support and contribute to process innovations. As profit sharing entails an explicit commitment on behalf of the company owners to share part of the profits with the employees, their mutual interests are aligned towards one denominator: profit maximization. Process innovations are expected to increase a company's future profits, so technological progress is to the benefit of both parties. Employees are closely involved in the company's bench level expertise and may therefore possess an information advantage on potential weaknesses and inefficiencies of the technologies in use. Without profit sharing there is hardly any incentive to disclose this information to the management. However, when employees participate in any profit increase, it is in their self-interest to fully exploit all available information. Hence, if the company employs a profit sharing system, employees will be less averse towards strengthening the company's technological equipment, and, even more important, they may become a valuable asset in the process of technological progress. In this paper, we therefore advance the hypothesis that profit sharing fosters process innovation.
At first glance less obvious but possibly also present is an effect of profit sharing on product innovation. During the production process, employees go through a learning curve: they accumulate knowledge, gain experience and subsequently may come up with ideas to improve a product's quality. If a monetary incentive is coupled to the implementation of any useful suggestion on a product improvement, the likelihood that the employee discloses his ideas obviously increases. Similarly, employees may become aware of potentially interesting additional features of the produced goods. Hence, while it seems unlikely that employees can contribute significantly to the development of totally new products, they may possess a substantial potential to improve existing products to a significant extent. Moreover, some employees closely interact with the company's customers and as a result are well aware of their preferences. They gather information on potential shortcomings of the existing product range as well as the customers' needs and wishes concerning improvements of existing as well as desired features of future products. This valuable knowledge should be transferred to the company's R&D department, in order to develop products along these lines. If the company succeeds in complying with these requirements, its market success is expected to rise and consequently also its sales of improved or newly developed products. Profit sharing generates clear incentives to share this information with the management as, in contrast to the traditional wage-based firm, its capitalization is shared with the source of information: the employee. In summary, our theoretical arguments predict that introducing profit sharing has the potential to stimulate both process and product innovation.
Empirical Strategy: the treatment of selectivity
Although many empirical studies confirm the hypothesis that profit sharing has a neutral to significantly positive effect on the company's performance, only a surprisingly small minority of firms actually employs this remuneration scheme. The percentage of firms with a profit sharing system is quite low in the European Union, except in France and the United Kingdom, where financial participation in companies is supported by a legal framework and substantial tax advantages (see Poutsma [2001] for an extensive description of country differences in the European Union). This seems to indicate that profit sharing is not a beneficial strategy to all companies, but only to certain firms. Strotmann [2002] denounces the fact that, even after the clear conclusion of FitzRoy and Kraft [1995] that different selectivity mechanisms may play a role in the evaluation of profit sharing, many studies do not or not sufficiently control for the potential distortion of the results due to these selection biases. This section first clarifies the different arguments supporting expectations about the presence of selectivity. Next, we expound how this problem is solved in our empirical analysis.
A first reason for the rather low ratio of firms employing profit sharing might originate in firm-specific advantages or disadvantages with respect to different incentive schemes.
Companies presumably differ in a number of aspects. For instance, the respective workforces may exhibit different qualification levels. Furthermore, firms may differ in their capability to validate individual performance. Examples are highly structured work processes, e.g. in the extreme belt production, or a team-based production process, where only joint, i.e. not individual, output is observed. In general, smaller firms suffer significantly less from problems in measuring individual employee performance. Other differences may stem from turnover rates, the workforce's cultural and ethical background, industrial relations and many other characteristics. In these circumstances, it is reasonable to believe that firms that are able to capture specific advantages from profit sharing are likely to introduce this incentive scheme in their remuneration policy, while others show no interest and rather rely on other motivational instruments like tournaments, piece rates or efficiency wages. A second kind of selectivity is driven by worker sorting. Performance oriented and cooperative workers probably prefer working in profit sharing firms. These workers are presumably more productive, irrespective of the presence of a profit sharing scheme. Moreover, the strong presence of productive and highly skilled employees may increase the productivity of less productive employees through mutual and cooperative learning efforts. In this case, these employee teams differ from teams in the more traditional firms paying fixed wages. This very likely causes differences in any performance measure, including innovativeness. Furthermore, it is quite realistic to assume that employees behave risk-averse and prefer a fixed wage over a variable, performance-related pay. If, for a moment, we set aside the argument raised before, i.e. that profit sharing usually complements the fixed wage, instead of replacing it, firms paying a flexible wage presumably attract less risk-averse workers. It is not unreasonable to assume that these employees are also more productive. Finally, selectivity in innovation activities may arise. It is quite plausible that highly innovative companies also use efficient incentive systems, simply because they are managed in a better way. Hence, a positive correlation between innovative activity and the use of profit sharing in the remuneration policy may be due to an unobserved third factor, while actually no causal relation exists.
If selectivity is at work, any empirical methodology neglecting this problem will produce biased results. Using the Heckman estimator, the early study of FitzRoy and Kraft [1995] confirms the strong presence of selectivity effects. Profit sharing is proved to be endogenous with respect to any outcome measure. Another sophisticated method to deal with selectivity is the non-parametric matching approach, well known in the so-called treatment analysis. Treatment in our case is defined as the use of profit sharing. This methodology goes back to Roy [1951] and Rubin [1974] and has also been labelled the potential outcome approach. A matching approach re-establishes the conditions of an experiment and compares treated and non-treated observations. The control sample of non-treated companies is selected carefully, to maximize its similarity with the population of treated companies. Every single treated company is related to non-treated units: conditioning on their similarity, a non-treated firm receives a high or low weight, or even is omitted. The determination of the control observation's importance (weight) depends on the selected matching estimator (see Heckman et al. [1997] ). Rubin [1974] 
where D is a binary assignment indicator determining whether the firm has introduced profit sharing (D=1) or not (D=0). Parameter  measures the average treatment effect on the treated firms and determines whether the use of profit sharing is beneficial to those establishments that introduced this incentive scheme in their remuneration policy.
The fundamental problem in evaluation econometrics arises from the fact that the second term on the right hand side, i.e. the counterfactual outcome E(Y 0 |D=1), is by definition not observable, since it describes the hypothetical outcome of a firm that actually introduced profit sharing if it would not have done so. In the absence of selectivity, the following equality:
would hold and the average outcome of firms without profit sharing would provide an
. This assumption is valid in an experiment where randomisation of the treatment is given. However, as FitzRoy and Kraft [1995] have shown and as we argued before, it is quite unlikely that profit sharing and non-profit sharing firms do not differ with respect to certain characteristics: profit sharing is endogenous, which introduces a bias in the estimates. The key to solve this evaluation problem is to approximate the counterfactual outcome. We chose to follow the potential outcome (i.e. matching) approach and, in a second step, additionally consider a time dimension, by applying the so-called conditional differencein-differences technique. In the following paragraphs we explain the details of this methodology. Rubin's [1977] conditional independence assumption (CIA) states that the treatment status and the potential outcome are independent for observations exhibiting the same observable set of characteristics X. The validity of the CIA depends on whether all determinants influencing the decision to introduce profit sharing as well as the potential outcome are known and available for all observations. However, the CIA cannot be tested formally and as a result, the researcher is obliged to rely on the data quality. We believe that the IAB Establishment Panel, which will be described in more detail below, covers a wide array of information, ranging from general information on the establishments to questions on investment, business policy and development to employment-related questions, and therefore serves as a good basis to fulfil this requirement.
Hence, if sample selection is solely due to observable covariates (a vector X), the CIA applies and the following equation holds:
The treatment effect θ in the matching approach can consequently be estimated by comparing the outcome means of the two groups (Lechner [1998] ):
In practice, ensuring the validity of the CIA imposes a major obstacle, since every additional exogenous variable in the vector X decreases the probability of finding an adequate control group. Rosenbaum and Rubin [1983] proposed a remedy to this dimensionality problem. As an alternative to matching on a large set of covariates, their idea is to match on one single index. This so-called propensity score is estimated with information on the exogenous characteristics X. Rosenbaum and Rubin [1983] show that, if the CIA is fulfilled, one does not need to condition on all covariates contained in X, but only on the propensity score. In our case, this index is estimated as the conditional probability to use profit sharing, i.e. the probability to share profits with the employees, given a set of individual characteristics of a firm: pr(D=1|X=x). This propensity score is usually estimated in a probit model. Several matching methods have been proposed in the literature on evaluation econometrics. We employ nearest neighbour matching, which comes down to a pair wise matching as it tries to select the most similar non-treated observation (ideally a "twin") for every treated observation. If the matching procedure was successful, i.e. the establishments that did (treated group) and did not (selected control group) use/introduce profit sharing are ex ante equally likely to use/introduce profit sharing, equation (3) holds and the causal effect is computed as indicated in equation (4), by comparing the outcome means of the two groups.
The matching approach accounts for the selection bias caused by observable factors.
However, as we mentioned before, compliance with the CIA is crucial to obtain reliable estimates: all relevant information should be known and available for all observations.
Although we strongly believe that our data at hand are very rich, nonetheless, unobservable factors may be at work and affect the outcome variable. This could seriously bias the results.
To correct for this potential selection on unobservables more strongly, the initial matching method can be extended with a time dimension.
This is exactly what we will additionally do in the empirical part of this paper, as we have a rich two-period panel dataset at our disposal. We present two evaluation methods, assessing the evolution of the outcome Y after treatment. Besides a matching approach, matching and difference-in-differences techniques are combined in the second method, which is referred to as the conditional difference-in-differences (CDiD) or matched difference-in-differences approach (Heckman et al. [1997] and firms which never used profit sharing during this time period.
The general difference-in-differences (DiD) set-up relates the development of an outcome variable of treated observations to the evolution of this outcome variable in a control group of non-treated observations. The before-after change in the outcome of non-treated firms is subtracted from the before-after change in the outcome of the treated firms to obtain the average treatment effect θ:
where D denotes whether the unit under consideration is treated (D=1) or not (D=0), Y is the outcome variable and t represents the moments in time before (t 0 ) and after (t 1 ) the introduction of the measure. The DiD estimator thus measures the excess outcome growth of the treated as compared to the non-treated group, correcting for any macro-economic change over time. Including additional regressors X combines the advantages of the matching and the DiD approach (Blundell and Costa Dias [2000] ): the impact of profit sharing is evaluated over time, for twin samples of firms with and without profit sharing. This conditional differencein-differences (CDiD) approach eliminates time-invariant unobserved individual-specific effects as well as common macro trends. Several studies evaluating active labour market policies make use of this estimator (e.g. Kluve et al. [1999] , Eichler and Lechner [2002] , Bergemann et al. [2004] ). The treatment and control group are matched on observable characteristics X such that:
To increase the accurateness and quality of the matching process, additional activities were carried out. For all treated firms a valid counterpart should be found in the non-treated population and every firm should represent a potential profit sharing company. If the samples of treated and non-treated firms would have no or only little overlap in the exogenous characteristics X, matching is not applicable to obtain consistent estimates. Hence, the socalled common support restriction is imposed and all firms exhibiting extreme values and therefore complicating the matching process are removed. We employ the conditional difference-in-differences approach with nearest neighbour propensity score matching and match without replacement, which means that every control observation can only be used once for matching. The average treatment effect θ is calculated as follows:
We match firms which introduced profit sharing between period t 0 and t 1 to firms which have never shared profits, using their respective vectors of exogenous characteristics X in period t 0 . Then, we evaluate how the outcome Y of both groups (treated versus non-treated subjects) has evolved over time, comparing static (assessing Y in period t 1 ) and dynamic (comparing Y in the periods t 0 and t 1 ) variables for the treated and non-treated firms in t-tests on mean equality 3 .
The data
This section describes the data which will be used to empirically investigate the interaction between profit sharing and innovative performance in Germany. Bellmann and Möller [2011] find that, throughout the period from 2001 to 2009, only about 9% of the total population of German firms employed this incentive system in addition to the normal wages.
The percentage of companies sharing profits with employees heavily fluctuates according to size and industry affiliation, though. This percentage puts Germany on a mediocre rank, after France (57%), the UK (40%) and Sweden (20%). Van Den Bulcke [1999] identifies factors yielding a less favourable environment with respect to financial participation (which is more general than mere profit sharing) of German employees: the German tax situation and social security, the complex legislation and the lack of a share ownership culture and tradition.
We constructed our database using various waves of the so-called IAB Establishment those which did not apply profit sharing throughout the whole period in a conditional difference-in-differences framework. This will enable us to evaluate the impact of the introduction of a profit sharing system on a company's innovativeness.
The outcome to be evaluated is twofold: we test whether profit sharing fosters process and/or product innovation. We employ static matching and conditional difference-in- We use several control variables which may affect both the probability to employ a profit sharing remuneration system in addition to a fixed wage and innovative capability of a company, respectively. In the second sample where we analyse the effects of an introduction of profit sharing we use control variables in 2005 to estimate the probability to introduce profit sharing between 2005 and 2009. Including the number of employees (EMP) allows controlling for size effects, which are empirically often found to explain innovativeness (see e.g. Veugelers and Cassiman [1999] ). Moreover, size may be related to the company's choice for a specific incentive scheme. For example, as smaller firms may be better aware of employees' individual performance, they may opt for other financial rewards than a profit sharing scheme. The logarithmic transformation (lnEMP) is used to smooth this variable.
Next, we introduce a number of control variables related to the organizational structure of the firm: the ratio of qualified employees (QUAL) and dummies indicating a shift in 13 responsibilities (SHIFT), the introduction of team work (TEAM) and independent work groups (INDEP) as well as positive investments in ICT infrastructure (ICT) reflect how a company responds to requirements of its environment. Complex and interdependent workflows imply more difficulties in measuring individual output. Moreover, information asymmetries and monitoring problems may be more pronounced. Also a range of variables characterizing how the company interacts with its direct stakeholders is important. First, a high level of trust between employees and managers facilitates consultation and fine-tunes cooperation engagements. The presence of a works council (COUNCIL) is a good proxy for this relationship. Second, the relationship between the company and the unions may be important. As we will explain in the following paragraph, Germany is a special case and the works council tends to substitute for the strength of the union, so the variable COUNCIL also reflects the union's power to some extent. In addition, we include a dummy variable (CAO) indicating whether a collective labour agreement is in place. Limited liability may foster the introduction of profit sharing; LTD has value 1 for joint stock companies (AG) and nonpublic limited liability companies (GmbH). Moreover, profit sharing can be used to shift risks to the employees, which may be especially valuable for firms whose profits are risky. Thus, we include the export share (EXPORT) of firms. Last, some final company characteristics are added. After1990 is a dummy indicating whether the company was established after 1990, as profit sharing and age may interact. Also, firms located in East Germany (EAST = 1) may be less likely to introduce profit sharing (Möller [2002] as well as Bellman and Möller [2006] ).
Finally, industry affiliation may matter. We limit our sample to manufacturing firms, excluding agriculture, mining and construction and include 15 industry dummies (BR) in the analysis.
Our first sample for the matching approach consists of 1923 firms of which 385 use profit sharing in 2009. The second sample with introduction of profit sharing as treatment of interest includes observations of 1447 companies, of which 132 firms introduce profit sharing.
In both cases, the first empirical step is the selection of a non-profit sharing twin company for each profit sharing firm. To this end, a propensity score is estimated in probit models, using the control variables introduced above. For both samples, the summary statistics of these variables (for the introduction sample in period t 0 =2005) as well as the outcome variables for the introduction sample between the two periods t 0 =2005 and t 1 =2009) are presented in Table   I . In both samples there are significant differences between firms with and without profit sharing in almost all of the considered determinants.
---Place Table I approximately here ---A large body of literature addresses the correlation between a strong union presence on the one hand and R&D and innovative activity on the other hand. This is highly relevant in the current paper, as the presence of a strong union may be correlated with our treatment as well as outcome variables. Menezes-Filho and Van Reenen [2003] survey the literature in this domain and conclude that North American studies consistently reveal a strongly negative correlation, while European studies cannot substantiate any significant impact of the union on R&D and innovation. The studies investigating this issue in Germany are Addison and Wagner [1994] , Wagner [1992a,b, 1994] as well as Fitzroy and Kraft [1990] . Schnabel and Wagner [1992b] ascribe the neutral relationship to the more cooperative nature of industrial relations in Germany.
The relevant labour institutions on the plant and firm level are the unions and also the works councils (see the Works Constitution Act 5 ). Addison et al. [1996] point out that the German situation is highly specific, because the workplace representation occurs rather through the mechanism of the works council than through the union. As the ties between the union and the works council are very close, they suggest that the works council substitutes for the union institution in the German case. So, we feel confident here to assume that the presence of a works council and the union's bargaining power (variables COUNCIL and CAO) have no impact on the innovative activity in German firms. Adversely, these variables are expected to have an impact on the propensity to introduce profit sharing, i.e. our treatment variable.
After the matching, the evolution in the outcome variables (both static and dynamic) is evaluated for the subsample of matched pairs. This approach eliminates a considerable share of observed as well as unobserved heterogeneity in the treated and non-treated firms in the population and mitigates the potential selectivity bias. The CDiD approach conducts twosided t-tests to compare the means of the two groups after the matching.
Estimates
The potential presence of selectivity in this evaluation exercise was introduced in the methodological section. Because of this potential endogeneity, a simple comparison of the outcome variables between companies with and without profit sharing (as presented in Table   I ) does not provide an adequate answer in this evaluation research; the introduction of profit sharing may be induced by innovativeness. We observe significant differences in the innovative strength between profit sharing companies and the potential control group. However, the control variables differ significantly as well and these differences may also explain differences in innovativeness. We address this potential selection bias empirically starting from nearest neighbour propensity score matching. Then we switch to the CDiD approach to assess the evolution of the outcome variables over time. This technique ensures that both observable and unobservable differences between treated and non-treated companies are taken into account, as well as any macro-economic change over time. We believe that the data at hand is sufficiently rich and that the matching procedure significantly curtails the selection bias. As a result, any potentially remaining difference in the outcome variables can be attributed to the introduction of profit sharing 6 .
To select a non-profit sharing twin company for each profit sharing company, we first estimate the propensity scores, which reflects the probability that a company remunerates its employees with a system of profit sharing in addition to a fixed wage. The two models for existence and introduction of profit sharing are presented in Table II . In both probit models, size (lnEMP), the presence of a works council (COUNCIL), investment in ICT (ICT) and the export share (EXPORT) are significant. For existence of profit sharing in the first sample, also the share of qualified employees (QUAL) positively affects the probability to use profit sharing. These estimates confirm expectations formulated in the section on selectivity.
Smaller companies rather opt for other incentive schemes than profit sharing. The presence of a works council, reflecting a high level of trust between company owners and employees, also create a favourable setting for a profit sharing incentive scheme.
---Place Table II approximately here ---
The probit model provides estimated propensity scores and enables us to select similar companies. After the matching process, any difference in the control variables is eliminated and the remaining differences in outcome variables can be attributed to the existence/introduction of a profit sharing system. In the first analysis, we evaluate differences for the outcome variables in 2009 between the profit sharing firms and their selected twin partners, respectively. The upper part of Table III shows the difference in outcome variables, which reflect innovative capabilities. Profit sharing companies are more likely to have a fully up-to-date technical equipment (TECH). They are only somewhat more eager to use advanced technologies (ADV is marginally significant and ADVNAR is insignificant) The lower part of Table III shows that additionally controlling for unobservable differences leads to different results. We do not find evidence that companies introducing profit sharing experience a stronger development in the process innovation variables (TECHch, ADVNARch) compared to firms without profit sharing.
In the static approach, also the outcome variables measuring product innovation significantly differ after the matching. We notice that profit sharing companies are more likely to have improved a product in the company's existing portfolio (INPDT), introduced a new-to-the-firm product (NEWFRM marginally significant) and even a new-to-the-market product (NEWMKT). The general measure on product innovativeness shows that they are more innovative in comparison with companies that did not introduce profit sharing (INNO).
As profit sharing increases employee involvement in the innovation process, they are more likely to disclose relevant and valuable information. Our expectation was that the impact of profit sharing is larger with respect to process than product innovation. However, most of the dynamic variables reflecting the change in companies' product innovation capabilities point to the existence of effects, which is however not the case for product innovation. The introduction of profit sharing is associated with a significant (on the 5% level) increase of products which are new to the firm (NEWFRMch), and we find weakly significant impacts with respect to improvements and further development of already existing products (INPDTch) and the encompassing variable standing for product innovation in general INNOch (lower part of Table III ). In contrast, based on the conditional difference-indifferences framework we cannot find evidence in favour of the introduction of products new for the market. These results are in accordance with our expectations that employees' involvement is more beneficial for improvements of existing products and introduction of products new to the firm than it is for innovations new to the market.
It is perhaps surprising that the conditional difference-in-differences models show a strong impact of profit sharing on product innovation but none for process innovation.
However, as it is well known the lack of statistical evidence is not the proof of absence of a relation. One reason for no statistical evidence may be weak measurement. The variables available for determining technical progress are based on scales, which imply subjective evaluations of the state of technical progress by the management. This subjective evaluation may well change without a true reason within the same establishment from one year to the other, in particular if the responding person is not the same The variables concerning product innovation offer less room for individual and subjective evaluations.
Furthermore in case of difference-in-differences our conclusions are based on just 132 establishments, which introduce profit sharing during the relevant period. Hence while taking account of unobserved heterogeneity is surely useful, more observations with changes in the relevant variable would be most helpful in identifying possible effects.
---Place Table III approximately here ---
Conclusion
We empirically investigated the impact of profit sharing on the innovative capabilities of German manufacturing companies. Since the introduction of a profit sharing system may be endogenous, we employ matching and the CDiD approach. Once the potential selection bias is eliminated, in a static approach companies with and without a profit sharing system still differ significantly in their innovativeness. Profit sharing companies outperform nonprofit sharing companies on both process and product innovativeness. However, according to the results of the CDiD method only product innovation is enhanced by the introduction of profit sharing. Hence firms introducing profit sharing are already more innovative before they launch the variable incentive method of profit sharing, with respect to both product and process innovations. However, profit sharing additionally has a positive effect on product innovations.
In Bellmann and Möller [2006] two profiles of companies introducing profit sharing emerge. On the one hand profit sharing companies are the larger companies with a complex working environment, introducing profit sharing to motivate the workforce. On the other hand also small and young, technology-oriented firms introduce profit sharing as they do not have substantial resources to attract and keep highly qualified employees; the profit premium is treated as a bonus to the regular pay slip. The firms in our sample, introducing profit sharing, are mainly the larger firms, with a more complex work environment and a high level of trust between employees and managers. The ownership structure as well as industry affiliation is relevant, too. The age of the company does not seem to matter. Therefore, the firms in our sample seem to belong mainly to the first profile. Hence, the impact of profit sharing on innovativeness may be different in smaller high-tech firms.
The results presented in this paper establish valid proof supporting the hypotheses developed on the impact of profit sharing on a company's innovative activity. However, as new survey waves will become available and existing datasets may be extended, robustness checks, e.g. with different specifications of the moment when the economic return becomes apparent, different measures of innovativeness, etc. will provide valuable additional insights into this domain. We already discussed the limitations of our variables on process innovations and perhaps over time also alternative measures on process innovations will become available.
An interesting point of view was advanced by Lerner and Wulf [2007] , who link different incentive schemes to reward R&D managers to patenting activity. Also the size of the profit premium, instead of mere stochastic information on the application of this remuneration scheme, could yield an interesting path for further research, as the impact of profit sharing may be heterogeneous in size.
Although our results suggest that profit sharing adds to companies' innovative capacity, the share of German companies actually employing this system is rather limited in comparison with other countries (especially France and the UK). Research on the obstacles hampering German employers to let employees share in the profit indicates an unfavourable taxation system, the complex legislation system as well as a bad fit with the cultural background as key problems (Van Den Bulcke [1999] ). Therefore, German policy makers may consider designing a more profit sharing friendly environment for German companies.
Besides the potential positive productivity and employment gains, also the national innovative capacity may benefit from this remuneration system. EAST, EXPORT and BR) as well as the propensity score are not significantly different after the matching and therefore not reported here. *** (**,*) indicate a significance level of 1% (5, 10%) of the t-tests on mean equality between the sample of funded firms and the selected control group. θ is the average treatment effect of profitsharing.
